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This research evaluates the beef cattle industry in terms of horn fly (Haematobia irritans (L.)) 
management costs in Tennessee and Texas and beef cattle producer preferences and willingness 
to pay (WTP) for genomic enhanced expected progeny differences (GE-EPDs). Two surveys 
were developed to analyze producer perceptions of horn flies and preferences for EPDs and GE-
EPDs. Little research exists regarding horn fly management costs or WTP for GE-EPDs, 
although previous research has explored producer preferences for EPDs. This research found that 
on average, Tennessee producers spend $9.54 per head for annual horn fly management costs, 
while Texas producers spend an average of $12.35 per head. Results also show that the average 
WTP for a bull with EPDs is $2,293.33, while the average WTP for a bull with GE-EPDs is 
$2,282.34. Results suggests that producers could benefit from additional education regarding 
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CHAPTER 1: INTRODUCTION  
This research analyzes two important decisions within the beef production industry: horn fly 
management and expected progeny differences (EPDs). While Tennessee beef cattle producers 
are the focus of this research, the results could have implications for beef cattle producers 
throughout the United States. Chapter two estimates Tennessee and Texas cattle producers’ horn 
fly management costs. Chapter three examines Tennessee cattle producer preferences and 
willingness-to-pay (WTP) for genomic enhanced expected progeny differences (GE-EPDs).  
 Information regarding producers’ horn fly management costs and preferences for bull 
GE-EPDs was collected via surveys of Tennessee and Texas cattle producers. The horn fly 
survey was administered to participants of the Tennessee Agriculture Enhancement Program 
(TAEP) and the Texas and Southwest Cattle Raisers Association (TSCRA). The GE-EPD survey 
was administered to participants of the TAEP. After the survey responses were collected, 
econometric modeling was used to determine factors influencing horn fly management costs and 
WTP for bull GE-EPDs and traditional EPDs. Knowing which factors affect horn fly 
management costs is essential to researchers who are seeking to develop economic injury levels 
and thresholds, as well as informational presentations for producers. Producer WTP for bull GE-
EPDs shows researchers whether or not producers are interested in a recent technology that could 
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The United States livestock industry loses an estimated $1.75 billion annually due to horn flies 
(Haematobia irritans (L.)), making them a widespread and significant pest of livestock. These 
ectoparasites feed on the blood of their host 20-40 times per day, which can cause blood loss, 
introduce pathogens, and lower weight gains and milk production in cattle. Research suggests 
that proper horn fly management can increase cattle weight gains, leading to increased revenue 
for producers; however, little research exists regarding cattle producers’ horn fly management 
decisions and their associated costs. Tennessee and Texas cattle producers were surveyed to 
estimate their horn fly management costs per head and identify factors influencing this cost. 
Results indicate that the average horn fly management costs per head in Tennessee and Texas 
were $9.54 and $12.35, respectively. An ordinary least squares regression and quantile 
regression were estimated to examine how horn fly costs per head were influenced by farm 
demographics and producer perceptions. Results indicate that management decisions vary by 



















Horn flies (Haematobia irritans (L.)) are a common and significant pest of livestock in the 
United States. These ectoparasites feed on the blood of their host 20-40 times per day, which can 
cause blood loss, pathogen introduction, decreased feed efficiency, reduced weight gains, hide 
damage, and decreased milk production (Campbell 1976; Kinzer et al. 1984; Clutter and Nielsen 
1987; Arther 1991; Byford, Craig and Crosby 1992; Guglielmone et al. 1999; Mays et al. 2014). 
Other problems associated with horn flies in cattle include bovine teat atresia and the 
transmission of pathogens such as Salmonella enterica and mastitis-causing Staphylococcus 
aureus (Gillespie et al. 1999; Edwards et al. 2000; Oliver et al. 2005; Anderson et al. 2012; 
Ryman et al. 2013; Olafson et al. 2014). Horn flies have also been known to occasionally infest 
other host animals such as sheep, goats, horses, mules, and dogs (Bruce 1964, Greer and Butler 
1973, Jones et al. 1988, Loftin and Corder 2010, Brewer et al. forthcoming).  
The economic threshold of horn flies per animal ranges anywhere from 10 to 230, 
depending on geographic location, environmental factors, and value of the cattle (Gordon, Haufe 
and Klein 1984; Arther 1991; Moon 2009). Kunz et al. (1991) estimated United States livestock 
industry losses due to horn flies to be $876 million annually. It is estimated that producers spend 
$60 million annually on insecticides (Kunz et al. 1991; Kaufman and Weeks 2012; Swiger and 
Payne 2017).  
Multiple studies have demonstrated the importance of managing horn fly populations 
within cattle herds. Proper management of these pests is proven to increase weight gains, leading 
to higher revenue for cattle producers (Campbell, 1976; Haufe, 1982; Sanson et al., 2003). 
Compared to cattle infested with horn flies, treated yearling steers and heifers gained 17.7% and 
14.0% more weight, respectively (Haufe 1982, Kunz et al. 1984, DeRouen et al 2003). Horn fly 
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control methods include topical insecticides such as ear tags, sprays, and dusts, feedthrough 
insecticides, fly traps, and manure manipulation (Foil and Hogsette 1994). Non-traditional 
control methods include the use of resistant breeds and zebra stripes painted on cattle (Steelman 
et al. 1993; Kojima et al. 2019) 
A recent literature search revealed that no known studies have evaluated the factors 
contributing to how much producers spend on horn fly treatment and management. This 
information is important to understand since producers likely have different management costs 
based on demographics, perceptions, and traditional practices. Therefore, the objective of this 
study is to provide estimates of horn fly management costs and determine factors that may 
influence these costs. To accomplish this, a survey of Tennessee and Texas cow-calf producers 
was conducted to determine their estimated total spending for all horn fly management, control, 
treatment, and labor for their entire herd. Results of this research will be informative to 
producers and researchers interested in the factors which affect producer decision making and 
horn fly management expenditures.  
Methods 
Survey Design 
A survey of Tennessee and Texas cow-calf producers was conducted in 2017 to obtain 
information regarding their experiences with horn flies, as well as their willingness-to-pay for 
horn fly resistant bulls (McKay et al. 2019). An online Qualtrics (www.qualtrics.com) survey 
was distributed to cattle producers participating in the Tennessee Agriculture Enhancement 
Program (TAEP) as well as members of the Texas and Southwestern Cattle Raisers Association 
(TSCRA). Producers were required to be 18 years or older to complete the survey. 11% (464) of 
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the 4,028 Tennessee producers and 8% (317) of the 3,882 Texas producers that were contacted 
responded to the survey. The survey had full University of Tennessee Institutional Review Board 
approval prior to distribution (UTK IRB-17-03931-XM). Producers were asked to estimate their 
total spending in 2016 for all horn fly management, control, treatment, and labor for their entire 
herd. Producers were also asked questions regarding insecticide effectiveness, intensity of flies 
within their herds, and which methods they use to manage horn fly populations and predation 
within their cattle herds. Questions regarding the month of fly prevalence and location of flies on 
cattle were also included in the survey. To determine how information about the horn fly and its 
effects on cattle impacted producer responses, an Information Treatment was included in the 
survey. The Information Treatment provided was as follows (McKay et al. 2019): 
“ABOUT HORN FLIES AND CATTLE 
Horn flies are a pest of cattle that inflict painful bites to draw 20–30 blood meals per day and 
have the following effects: 
• Animals’ defensive behaviors interrupt adequate rest and food consumption. 
• Calves protected from horn flies have weaning weights 10–50 pounds more than unprotected 
calves with 200 or more flies. 
• Stockers and replacement heifers protected from horn flies have weight 16–18% above 
unprotected animals. 
• Horn flies can transmit bacteria that cause mastitis.” 
 
Conceptual Framework 
Profit-maximizing producers use various management and treatment options to decrease the 
negative effects of horn flies within their cattle herds. Horn fly populations above economic 
threshold levels can cause profit losses for cattle producers. Factors hypothesized to affect horn 
fly management cost per animal include producer and farm demographics, seasonality of horn 
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flies, producer perceptions of horn flies, and horn fly management practices. For producer i, we 
hypothesize that horn fly management cost per animal (costi) can be explained as a function (f) 
of the following factors:  
 
𝑐𝑜𝑠𝑡𝑖 =
𝑓(𝑃𝑟𝑜𝑑𝑢𝑐𝑒𝑟𝐷𝐸𝑀𝑖,  𝐹𝑎𝑟𝑚𝐷𝐸𝑀𝑖,  𝑆𝑒𝑎𝑠𝑜𝑛𝑎𝑙𝑖𝑡𝑦𝑖,  𝑃𝑒𝑟𝑐𝑒𝑝𝑡𝑖𝑜𝑛𝑠𝑖,  𝑀𝐺𝑀𝑇𝑖,  𝐼𝑁𝐹𝑂𝑖) (1)
 
 
where costi is equal to producer i’s annual horn fly management costs per head, ProducerDEMi 
are variables associated with producer demographics for respondent i, FarmDEMi are variables 
associated with farm demographics, Seasonalityi is equal to one if the producer i reported the 
flies being abundant in the respective season, Perceptionsi are variables specifically related to 
each producer’s horn fly experiences (i.e., problem intensity on the backs of the animals, disease 
occurrences, and insecticide effectiveness today compared to five years ago), MGMTi are 
variables related to reported use of insecticides, ear tags, and feedthrough methods of horn fly 
control and horn fly information sources reported by respondent i, and INFOi is a binary control 
variable identifying whether respondent i was provided with the Information Treatment within 
the survey (1=Information Treatment, 0 otherwise). The specific names and definitions of the 
variables in these categories appear in Table 1.  
Ordinary least squares regression was used to estimate which variables were associated 
with horn fly management costs per animal. Since the dependent variable was skewed to the 
right and not normally distributed (Figure 1), the log of costi was taken to make the distribution 





∗) = 𝛽0 + 𝑿𝒊𝜷 + 𝜇𝑖 (2) 
 
where 𝑐𝑜𝑠𝑡𝑖
∗ is producer i’s horn fly cost per animal, and 𝑿𝑖 is a vector of explanatory variables, 
𝜷 is a vector of unknown parameters, and 𝜇𝑖 is the error term.  
We also estimate a quantile regression to further examine producers’ horn fly 
management cost per head for each horn fly cost quantile (Bekkerman, Brester and McDonald 
2013). The quantile regression was estimated at the 25th, 50th, and 75th quantiles ,𝜑, of the cost 
data. The quantile regression model is represented by: 
 
log(𝑐𝑜𝑠𝑡(𝜑)𝑖) = 𝛽𝑖,0(𝜑) + 𝜷𝒊𝑿(𝜑) + 𝜇𝑖(𝜑) (3) 
 
where 𝑐𝑜𝑠𝑡𝑖 is producer i’s reported horn fly management cost per animal, and 𝑿 is a vector of 
explanatory variables, 𝜷 is a vector of unknown parameters, and 𝜇𝑖 is the error term.  
Differences in means of the descriptive statistics between the two states were evaluated 
using t-tests using the ttest command in STATA (StataCorp 2019). The STATA command regress 
was used to estimate the log linear regression model. Variance inflation factors (VIFs) were used 
to determine if multicollinearity was present in this model (Wooldridge 2012; StataCorp 2019). 
The STATA command coldiag2 was also used to check for multicollinearity (StataCorp 2019; 
Hendrickx 2004; Belsey, Kuh and Welsch 1980). The Breusch-Pagan test for heteroskedasticity 
was also conducted using the estat hettest command in STATA (Breusch and Pagan 1979; 
Wooldridge 2012; StataCorp 2019). Estimated coefficient significance levels are discussed using 
P < 0.01, P < 0.05, and P < 0.10. The STATA command sqreg was used to estimate the quantile 
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regression model (Bekkerman et al. 2013; StataCorp 2019). Of the 464 Tennessee and 317 Texas 
survey respondents, 356 answered all questions included in the models.  
Survey Descriptive Statistics 
Dependent and independent variable means, standard deviations, and t-tests results for 
differences in survey statistics between Tennessee and Texas producers are presented in Table 2. 
Tennessee producers spent an average of $9.54 on horn fly management costs per head, while 
Texas producers spent an average of $12.35 on horn fly management costs per head. The average 
management cost in Texas was significantly higher than the average cost in Tennessee (P < 0.1).  
Producers who had earned a college degree (College) were hypothesized to have higher 
horn fly management costs since their education would lead them to control for horn flies. 60% 
of Tennessee producers and 69% of Texas producers had earned a college degree or higher. The 
hypothesized effects of age (Age) on horn fly management costs are unknown. The average age 
of Tennessee respondents was 57 years old, while the average age for Texas respondents was a 
significantly higher at 61 years old (P < 0.1). In 2017, the average age of Tennessee farmers was 
59 years old, while the average age of Texas farmers was 60 years old (U.S. Department of 
Agriculture, National Agricultural Statistics Service 2017a). As income (Income) levels rise, it is 
hypothesized that horn fly management costs will also increase since producers have more to 
spend on horn fly management. The average income for Tennessee respondents was $50,000 to 
$99,000 per year, which was significantly lower than Texas producers reported average income 
of $100,000 to $149,000 per year (P < 0.01). The average U.S. household income for farms was 
$115,588 in 2019 (Schnepf 2019). The hypothesized effects of gender (Male) on horn fly 
management costs are unknown. 91% of Tennessee respondents identified as male, which is 
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significantly higher than the 85% of Texas producers who identified as male (P < 0.1). Male 
producers made up 65% and 62% of Tennessee’s and Texas’s total producer population in 2017, 
respectively (U.S. Department of Agriculture, National Agricultural Statistics Service 2017a).  
Producers who reportedly own Angus-influenced cattle (Angus) are hypothesized to have 
higher horn fly management costs, because research shows that horn flies prefer to feed on cattle 
with dark hair color (Oliveira et al. 2013). 89% of Tennessee producers reported owning Angus-
influenced cattle, which is significantly more than in Texas where 65% of producers owned 
Angus-influenced cattle (P < 0.01). The hypothesized effects of respondent location (Tennessee) 
are unknown. As farm size (Total Acres) increases, producers are expected to have lower horn 
fly management costs. The average Tennessee farm size reported by survey respondents was 329 
acres. The average Texas farm size reported by survey respondents was 2,593 acres, which is 
significantly higher than Tennessee respondents (P < 0.01). The reported farm size for both 
Tennessee and Texas is higher than the 2019 average farm size of 155 acres and 512 acres, 
respectively (U.S. Department of Agriculture, National Agricultural Statistics Service 2020b). As 
percent of calves produced during spring months (Spring Calves) increases, horn fly 
management costs are expected to increase as well, due to horn fly populations typically peaking 
first in the spring (Lancaster and Meisch 1986). Tennessee producers reported 53.37% of their 
total calf production occurring in the spring, while Texas producers reportedly produce 64.47% 
of their total calves during the spring.  
Regarding the seasonality of horn flies, producers reporting flies to be most abundant 
during the spring, summer, or fall months (Spring, Summer, Fall) are each hypothesized to 
increase horn fly management costs. 31% of Tennessee producers and 59% of Texas producers 
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reported an abundance of flies on their animals during the spring months of March, April, and 
May (P < 0.01). 98% of both Tennessee and Texas producers reported an abundance of flies on 
their animals during the summer months of June, July, and August. 76% of Tennessee 
respondents and 93% of Texas respondents reported an abundance of flies on their animals 
during the fall months of September, October, and November. These distributions can be seen in 
Figures 3, 4, and 5.  
Regarding current horn fly perceptions, level of horn fly intensity on the backs of cattle 
(Horn Fly Intensity) is hypothesized to increase horn fly management costs as intensity 
increases. On average both Tennessee and Texas considered the level of horn fly intensity on the 
backs of their cattle to be a moderate to serious problem. Prevalence of pinkeye and mastitis 
(Disease) is hypothesized to increase horn fly management cost as prevalence increases. Both 
states noted that these diseases occur mildly to moderately within their herds. Although pinkeye 
causing bacteria have not been found to be transmitted by horn flies, the mastitis-causing 
bacteria Staphylococcus aureus is transmissible by horn flies (Nickerson, Owens and Boddie 
1995; Owens et al. 1998; Gillespie et al. 1999; Oliver et al. 2005; Ryman et al. 2013). The 
effects of the number of horn flies considered to be a problem (Horn Fly Perceived Problem) on 
horn fly management costs are unknown. Tennessee producers considered a low number of horn 
flies (75) on their animals to be a problem, while Texas producers considered a medium intensity 
of horn flies (100-150) on their animals to be a problem (P < 0.05). Horn fly management costs 
are hypothesized to increase as producers’ assessment of insecticides today compared to five 
years ago (Insecticide Treatment Effectiveness) increases. Both Tennessee and Texas 
respondents assessed insecticides today to be “as effective” as they were five years ago. As 
producer level of agreement with the statement “horn flies impose significant financial impact on 
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my operation” (Financial Impact) increases, it is hypothesized that horn fly management costs 
will also increase. Both Tennessee and Texas respondents “somewhat agree” that horn flies 
impose a significant financial impact on their operations. As producer level of agreement with 
the statement “potential for reduced weight gain and uncertain quality impacts from horn flies 
introduce financial uncertainty into my operation” (Reduced Weight Gain) increases, it is 
hypothesized that horn fly management costs will also increase. Both Tennessee and Texas 
respondents “somewhat agree” with this statement. As producer level of agreement with the 
statement “additional labor needed to address horn flies is burdensome” (Labor is Burdensome) 
increases, it is hypothesized that horn fly management costs will decrease. Both Tennessee and 
Texas respondents “somewhat agree” that additional labor needed to address horn flies is 
burdensome. The hypothesized effects of the statement “horn flies jeopardize cow comfort” 
(Cow Comfort) are unknown. Both Tennessee and Texas respondents “somewhat agree” that 
horn flies jeopardize cow comfort. The hypothesized effects of the statement “consumer concern 
about pesticides is a consideration of mine when I select management options for horn flies” 
(Consumer Concerns) are unknown. Both Tennessee and Texas respondents “somewhat 
disagree” that consumer concern about pesticides is a consideration of theirs when selecting 
management options for horn flies.  
Regarding current horn fly management strategies, the hypothesized effects of using 
insecticides, ear tags, or feedthrough control methods are unknown (Use of Insecticides, Use of 
Ear Tag, Use of Feedthrough). 89% of Tennessee producers and 91% of Texas producers 
reportedly use insecticides (e.g., pour-on) to prevent and/or respond to outbreaks. 58% of 
Tennessee producers use ear tags to prevent and/or respond to outbreaks, which is significantly 
higher than the 34% of Texas producers using ear tags (P < 0.01). 56% of producers in both 
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states reportedly use feedthrough insecticides to prevent and/or respond to outbreaks. Obtaining 
information from Extension services (Extension) and popular press articles (Popular Press 
Articles) are hypothesized to increase horn fly management costs, as these educational tools are 
useful in explaining the harms of horn flies and could convince producers to implement control 
measures if they are not currently doing so. 74% of producers in Tennessee and 65% of 
producers in Texas reported receiving information about flies and management options from 
Extension services (P < 0.1). 54% of producers in Tennessee and 72% of producers in Texas 
reported receiving information about flies and management options from popular press articles 
(P < 0.01).  
Results 
Factors Affecting Producers’ Horn Fly Management Costs: Ordinary Least Squares 
Regression 
Results of the ordinary least squares model are reported in Table 3. The VIFs were all less than 
10, and the mean VIF was 1.23. Condition indexes were also evaluated using the coldiag2 
command in STATA and were all less than 40.77 (Hendrickx 2004; StataCorp 2019; Belsey et al. 
1980). Thus, no evidence that multicollinearity was a statistically significant problem was found. 
The Breusch-Pagan test for heteroskedasticity was performed using the estat hettest in STATA 
(Prob > chi2 = 0.1898) and determined that heteroskedasticity was not an issue (Breusch and 
Pagan 1979; StataCorp 2019).  
As hypothesized, producers with a college degree or higher had a horn fly management 
cost per head of 21.69% less than producers without a college degree (P < 0.05). Male producers 
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spent 24.09% less than female producers (P < 0.1). Producers with Angus-influenced cattle spent 
28.8% less than all other producers (P < 0.01). Respondents spent 0.0027% less as their farm 
size increased by one acre (P < 0.01), which was consistent with the hypothesized sign. 
Consistent with the hypothesis, respondents who reported an abundance of flies on their animals 
during the fall months of September, October, or November spent 24.79% more than those who 
did not report an abundance of flies during these months (P < 0.1). A one unit increase in the 
intensity at which producers consider horn flies to be a problem resulted in a 12.43% decrease in 
horn fly treatment costs per head (P < 0.1). Producers who reportedly used ear tags to prevent 
and/or respond to an outbreak spent 20.48% more than producers who utilized other control 
methods (P < 0.05). Finally, producers who used a feedthrough insecticide to prevent and/or 
respond to an outbreak spent 30.06% more than producers using other control methods for horn 
flies on their animals (P < 0.01). 
Factors Affecting Producers’ Horn Fly Management Costs: Quantile Regression 
Results of the quantile regression model are reported in Table 3. Producers in the 25th quantile 
spent less than $4.08 per head for horn fly treatment and management. As expected, respondents 
in this quantile who reported an abundance of flies on their animals during the spring months of 
March, April, and May spent 34.67% more than those who did not report an abundance of flies 
during these months (P < 0.05). Producers in this quantile who used a feedthrough insecticide to 
prevent and/or respond to an outbreak spent 47.85% more than producers using other horn fly 
control methods on their animals (P < 0.01).  
 Producers in the 50th quantile spent between $4.08 and $6.75 per head for horn fly 
treatment and management. Producers in this quantile with a college degree or higher had a horn 
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fly management cost per head of 21.86% less than producers without a college degree (P < 0.1), 
which was consistent with the hypothesis. As expected, respondents who reported an abundance 
of flies on their animals during the fall months of September, October, or November spent 
28.53% more than those who did not report an abundance of flies during these months (P < 0.1).  
Producers in this quantile spent 21.94% less per unit increase of perceived horn fly problem 
intensity (P < 0.1). 
Producers in the 75th quantile spent between $6.75 and $12.20 per head for horn fly 
treatment and management. Producers in this quantile with Angus-influenced cattle spent 31.1% 
less than all other producers (P < 0.1). As hypothesized, respondents who reported an abundance 
of flies on their animals during the fall months of September, October, or November spent 53.4% 
more than those who did not report an abundance of flies during fall months (P < 0.01). 
Discussion 
 
The objective of this study was to provide estimates of horn fly management costs and determine 
factors that may influence these costs. Tennessee and Texas cow-calf producers were surveyed 
about their horn fly management costs and methods of horn fly control. Average horn fly 
management costs in Tennessee and Texas were $9.54 and $12.35, respectively.  
 Factors influencing horn fly management costs include college degree, gender, breed of 
cattle, farm size, abundance of flies during spring and fall months, level of perceived horn fly 
problem, use of ear tag to manage horn flies, and use of feed through to manage horn flies. These 
factors varied between spending quantiles, showing that producers are making independent 
decisions based on perceptions.  
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 The results of this research will be informative to producers and will aid researchers in 
the development of improved surveillance and monitoring plans. Future research ideas include 
the development of horn fly economic injury levels and thresholds based on breed and regions. 
This survey could also be repeated in other cattle producing states and incorporate more 
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Genomic enhanced expected progeny differences (GE-EPDs), which combine expected progeny 
differences (EPDs) with DNA information, can improve EPD accuracy scores for cattle and there 
is limited knowledge on the buyer’s value of GE-EPD. The goal of this research was to 
determine Tennessee cow-calf producer preferences for bull EPDs and determine if they place a 
higher value on GE-EPDs than EPDs. Tennessee cattle producers were surveyed regarding their 
preferences for bulls with varying EPDs or GE-EPDs using a choice experiment of different 
bulls. Panel tobit regression results indicate that producers were willing to pay more for bulls 
with certain EPDs (CED, WW, DOC, MW, CW, RE, and $W). Producers were not willing to 
pay more for bulls with GE-EPDs compared to EPDs. This indicates producers may have 
difficulty understanding how to value improved accuracy scores and additional education is 


















As of January 31, 2020, there were approximately 95 million head of cattle and calves in the 
United States (U.S. Department of Agriculture, National Agricultural Statistics Service 2020a). 
The United States cattle and calves sector recorded 2018 cash receipts of approximately $67 
billion (U.S. Department of Agriculture, Economic Research Service 2020a). In 2018, the United 
States exported $8.3 billion worth of beef, making the country one of the largest exporters of 
beef in the world (U.S. Meat Export Federation 2020).   
Beef cattle production is a crucial component of the Tennessee economy, accounting for 
16.7% of all agriculture cash receipts (Sneed 2020). Behind soybeans, the cattle industry is the 
second-highest valued commodity in Tennessee’s agricultural sector (U.S. Department of 
Agriculture, Economic Research Service 2020b). With approximately 909,000 head of beef 
cattle, Tennessee ranks twelfth in the nation in total beef cows (U.S. Department of Agriculture, 
National Agricultural Statistics Service 2017c). With an average of less than 30 beef cattle per 
operation, Tennessee beef cattle operations are relatively small (U.S. Department of Agriculture, 
National Agricultural Statistics Service 2017b). With such a low average of cattle per operation, 
it is essential for Tennessee beef cattle producers to continually find methods to increase the 
value of their cattle.   
While several factors have contributed to the growth of the U.S. beef industry, improved 
herd genetics through breeding management has been an important contributor to increasing the 
value of the U.S. beef industry. The breeding process begins with cow-calf producers selecting 
sires and dams with physical and genetic traits that will maximize profits through improved 
performance and enhanced quality. According to Dhuyvetter et al. (1996) bulls introduce most of 
the new genetic attributes into a typical beef cow herd.  
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The beef cattle industry is always looking for opportunities to improve in terms of animal 
efficiency, sustainability, and profitability through natural breeding. Collection of genetic 
information is one of the many methods used by beef cattle producers and educators to improve 
profitability. Expected progeny differences (EPDs) provide estimates of the genetic value of an 
animal as a parent and are calculated using statistical modeling (Greiner 2009). The statistical 
modeling uses all animal performance data and information on its ancestors and progeny to 
calculate the animals’ associated EPDs (Greiner 2009). EPDs are known as the most accurate 
means to select cattle for specific traits such as birth weight, weaning weight, and carcass 
quality. These measurements have been used for years to select desirable sires and dams. Several 
studies have found that producers value EPD information when purchasing a bull (Chvosta, 
Rucker and Watts 2001; Dhuyvetter et al. 1996; Vestal et al. 2013).  
Genomic enhanced expected progeny differences (GE-EPDs) were first introduced by the 
American Angus Association in 2009 (Scharpe 2016) and are available for cow-calf producers to 
use during their selection of bulls. GE-EPDs combine genomic test results with pedigree, 
performance, and progeny data, resulting in increased EPD accuracy because of the added DNA 
information to the modeling (American Angus Association 2018; Hoffman 2014); however, little 
research exists on how cow-calf producers value GE-EPDs of bulls. 
This research aims to provide estimates of Tennessee cow-calf producer willingness-to-
pay (WTP) for bulls with varying EPDs and determine if they place a higher value on GE-EPDs 
while examining how producer and farm demographics influence their WTP for bulls. This will 
allow researchers to provide information to Tennessee beef cattle producers regarding GE-EPDs 
and adding value to their cattle, ultimately improving market efficiency, cattle sustainability, and 
producer profitability. Producer perceptions of utilizing EPDs and GE-EPDs when selecting 
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bulls could be modified when provided with the information from this research. Implementing 
the use of additional genetic information (GE-EPDs) when making breeding selections allows 
the opportunity for Tennessee cow-calf producers to effectively market their cattle to feedlots. 
Obtaining this information would serve as the first step to linking the production supply chain of 
beef cattle by identifying cow-calf producers’ value of genetic information of bulls. We 
hypothesize that farm demographics and farmer characteristics will influence producer WTP for 
bulls, WTP for bulls will be impacted by the selected EPDs, and GE-EPDs (higher EPD 
accuracy) will impact producers WTP for bulls. 
Literature Review 
Dhuyvetter et al. (1996) examined sale price, physical characteristics, genetic information, and 
marketing factors of 26 purebred beef bull sales in Kansas in 1993. This research sought to 
estimate market values associated with bull attributes, EPDs, and bull sale marketing efforts. 
Their research found that several physical characteristics and EPDs are important price 
determinants of bulls. 
 Chvosta et al. (2001) evaluated data from 1982 through 1997 on bulls sold in Montana 
and data from 1986-1996 regarding bulls sold by breeders in Nebraska and South Dakota. This 
study found that bull buyers were more interested in simple performance measures such as birth 
weight and weaning weight as opposed to EPD information. Thus, simple performance measures 
have a more significant impact on the price of bulls sold than EPD information.  
Walburger (2002) used data from bull sales in Alberta, Canada during the years of 1989, 
1993, and 1996 through 2000. Each of the bulls sold included performance testing data regarding 
birth weight, sale weight, average daily gain, blood lines, scrotal circumference, and ultrasound 
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information (backfat, ribeye area, and lean meat yield). Results showed that bull buyers are most 
concerned with attributes such as sale weight, birth weight, scrotal circumference, ribeye area, 
and average daily gain.  
Irsik et al. (2008) studied Florida graded bull auction data spanning 1995 through 2007. 
The research concluded that bull buyers are most concerned with grade of bull, age, birth weight, 
sale weight, breed, and year of sale when making bull purchasing decisions. However, this study 
also suggested that EPD information had little or no effect on buyers’ valuation of bulls.  
Jones et al. (2008) examined data from purebred Angus bull sales across the Midwest, 
Rocky Mountain, and Northwest regions of the United States. Their study compares values of 
production weights, production EPDs, and ultrasound EPDs. Results showed that the birthweight 
EPD was valued more by buyers than the corresponding birthweight value. It was also 
determined that actual weights and EPDs significantly impact the sale prices of bulls. When 
compared chronologically with the previously mentioned studies, the results of Jones et al. 
(2008) allow us to assume that producer preferences are beginning to shift towards EPDs when 
making bull purchasing decisions. 
Following the trend of Jones et al. (2008), a study completed by McDonald et al. (2010) 
also resulted in bull buyers increased valuation of EPD information. Data was obtained from 
published sale catalogs at the Midland Bull Test bull auctions in Columbus, MT in 2008 and 
2009. Results show that EPDs such as birth weight, birth to yearling gain, and ribeye area 
significantly impact the sale price of bulls. 
Franken and Purcell (2012) evaluated data from bull auctions encompassing multiple 
breeds of beef cattle held in Missouri from 2000 through 2010. Findings of this research indicate 
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that EPDs such as birth weight, yearling weight, ribeye area, and marbling contribute to the value 
placed by buyers on bulls at auction.  
Brimlow and Doyle (2014) uses Nevada bull test auction data spanning years 2007 
through 2009 and 2012 to evaluate bull buyers valuation for both genetic and phenotypic 
measures of carcass and growth characteristics. Similar to aforementioned studies (Jones et al. 
2008, McDonald et al. 2010, and Franken and Purcell 2012), Brimlow and Doyle concluded that 
birth weight EPD is an important factor in determining the value buyers place on bulls at auction. 
EPDs such as birth to yearling gain and ribeye area were also found to be significant variables. 
Other important characteristics accounted for in the value of sale bulls were final average daily 
gain, birth weight, US adjusted ribeye area, US marbling, final weight, residual feed intake, and 
total conformation score.  
Kessler, Pendell, and Enns (2017) is among one of the most recent publications regarding 
bull buyer valuation for simple performance measures and EPDs. Data was obtained from the 
years 2011 through 2014 for bull sales in Wyoming. Findings of this research indicate that 
buyers are most concerned with performance measurements such as birth weight, weaning 
weight, and average daily gain. Buyers are also interested in the EPD values of yearling weight, 
milk, and stayability. 
Boyer et al. (2019) used 11 years of bull sale data to estimate Southeast U.S. cow-calf 
producers’ value of phenotypic traits, performance measures, and EPDs. This study also 
evaluated the effects of Tennessee’s partial-cost reimbursement program on bull prices. Results 
showed that producers valued projected growth EPD, calving ease direct EPD, milk EPD, 
average daily gain, sale weight, and frame score. Researchers also found that the partial-cost 
reimbursement program increased bull prices in some years.   
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The previous literature examples have focused solely on auction data in their studies. The 
work of Vestal et al. (2013) implements a combined revealed versus stated preference approach 
to evaluate and compare bull buyers’ survey stated willingness-to-pay along with auction data. 
Vestal et al. (2013) distributed a mail survey to previous Oklahoma Beef Incorporated (OBI) bull 
buyers in 2010 regarding preferences for EPDs, Igenity scores, and ultrasound information. The 
revealed preference data used in their study was collected from three OBI performance-tested 
bull sales spanning 2009-2010. When the two datasets were compared, results showed that bull 
buyers significantly value EPD information, test performance, and ultrasound information, while 
newer DNA profile information (Igenity scores) were unrelated to buyers’ preferences. We build 
on this research by surveying Tennessee cattle producers to determine their stated WTP for bulls 
with varying EPDs.  
Methods 
Survey Design 
In June 2020, email invitations to complete an online Qualtrics survey (www.qualtrics.com) 
regarding EPDs, GE-EPDs, physical bull characteristics, and genomic testing of feeder cattle 
were sent to cattle producers participating in the Tennessee Agriculture Enhancement program 
(TAEP). Second invitations were sent to non-respondents a few weeks later. Prior to distribution, 
the survey had full University of Tennessee Institutional Review Board approval (UTK IRB-20-
05689-XM). Producers were required to be 18 years or older to complete the survey. Eighteen 
percent (1,245) of the 6,858 producers that were contacted responded to the survey. Prior to the 
survey being distributed, the survey was pretested by Tennessee cow-calf producers.  
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 Producers were asked to indicate which segment of the beef cattle industry they are 
primarily involved in, and then directed to a set of appropriate questions. Participants who 
selected purebred breeder, commercial producer by natural service, or commercial producer by 
artificial insemination were directed to a choice set of bulls with varying expected progeny 
differences (EPDs). Producers were also asked to indicate how much they paid for the last bull 
purchased. 
The choice set of hypothetical bulls includes EPD values for Calving Ease Direct (CED), 
Weaning Weight (WW), Docility (DOC), Maternal Milk (MILK), Mature Weight (MW), 
Carcass Weight (CW), Ribeye Area (RE), and Weaned Calf Value ($W) (Table 4). These EPDs 
were chosen for the survey based on previous literature and conversations with Tennessee beef 
cattle producers. The choice set follows an orthogonal sequential design, which was programmed 
using NGENE (ChoiceMetrics 2018). The design consisted of three blocks with nine bulls in 
each block for a total of twenty-seven bulls. Respondents were asked for their maximum bid on 
each of the nine bulls as if they were purchasing them at an auction. Table 4 depicts the eight 
EPDs that were included in the survey and the three levels by which they were varied, as well as 
Angus breed averages. These values were obtained from American Angus Association’s Angus 
Breed Percentile Breakdown for 2020 Non-Parent Bulls (American Angus Association 2020). 
Low, median, and high values are represented by 65th, 35th, and 5th quartiles, respectively. 
Accuracy values were adapted from the UT Bull Test, and the values are the same for each EPD 
level. Accuracy values increase by a factor of 0.15 from EPDs to GE-EPDs. The decision to 
increase the accuracy value by a factor of 0.15 came from analyzing accuracy scores of the UT 




Willingness-to-pay (WTP) is directly elicited from the survey respondents. Each respondent’s 
WTP represents their value for each bull, and each bull’s value is a function of the bull’s 
provided EPDs (Table 4) which include calving ease direct (CED), weaning weight (WW), 
docility (DOC), maternal milk (MILK), mature weight (MW), carcass weight (CW), ribeye area 
(RE), and weaned calf value ($W). This allows us to determine how EPDs impact producer WTP 
for the bulls. In the model, we also control for producer and farm demographics and producer’s 
stated previous purchase price for the last bull they purchased (Previous Bull Purchase Price). 
For producer k, we hypothesize that willingness-to-pay (wtpik) for bull i is explained as a 
function (f) of the following factors: 
 
𝑤𝑡𝑝𝑖𝑘 = 𝑓(𝐷𝑒𝑚𝑜𝑔𝑟𝑎𝑝ℎ𝑖𝑐𝑠𝑘, 𝑃𝑟𝑒𝑣𝑖𝑜𝑢𝑠𝐵𝑢𝑙𝑙𝑃𝑟𝑖𝑐𝑒𝑘, 𝐸𝑃𝐷𝑠𝑖𝑘 , 𝐺𝐸_𝑇𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡𝑖𝑘)  (1) 
 
where wtpik is the price ($/head) for bull i in the survey from respondent k. Demographicsk refers 
to producer and farm demographics of respondent k. PreviousBullPricek encompasses the 
amount paid by respondent k for the last bull they purchased. EPDsik represents EPDs associated 
with the choice set of hypothetical bulls (i). Since the goal of this research is to determine how 
consumers value GE-EPDs compared to EPDs, the variable GE_Treatmentik is a binary variable 
depicting whether bull i viewed by respondent k was described by GE-EPDs (1=GE_Treatment, 
0 otherwise). The specific names and definitions of the variables in these categories appear in 
Table 5.  
A random effects panel Tobit regression model is used to estimate how the increased 
accuracy of GE-EPDs impact producer willingness-to-pay (WTP) for hypothetical bulls (Tobin 
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1958). This model was used due to 6.37% (n=330) of the WTP observation values in the sample 
being zeros (Figure 6). The panel Tobit regression model is represented by:  
 
𝑦𝑖𝑘
∗ = 𝛽0 + 𝑿𝑖𝑘𝜷 +  𝑣𝑖 + 𝜇𝑖𝑘 (2) 
 
where 𝑦𝑖𝑘
∗  is the unobserved latent variable for producer i’s willingness-to-pay (WTP) for 
bull k, and 𝑿𝑖𝑘  is a vector of explanatory variables and 𝜷 is a vector of unknown parameters. The 
random effects, 𝑣𝑖, are independent and identically distributed (i.i.d.), and distributed normally 
with mean zero and variance of 𝜎𝑣
2 (i.e., vi  ~ N [0, 𝜎𝑣
2]); and the error term, 𝜇𝑖𝑘 , is also i.i.d, 
distributed normally with mean zero and variance of 𝜎𝜇
2 (i.e., μik  ~ N [0, 𝜎𝜇
2 ]), independent of 𝑣𝑖. 
The subscript i = 1, 2, …, N indicates the observation from individual i who is bidding on bulls k 
= 1, 2, …, N. For each bid from individual i = 1, 2, …, N for bull k:  
 
𝑦𝑖𝑘 = max(0,  𝑦𝑖𝑘
∗ ) (3) 
 
The lower bound for the panel Tobit regression is set to zero: 
 
𝑦𝑖𝑘 = {
0       𝑖𝑓  𝑦𝑖𝑘
∗ ≤ 0
𝑦𝑖𝑘
∗    𝑖𝑓  𝑦𝑖𝑘
∗  > 0.
(4) 
  
Differences in means of the descriptive statistics between the two treatments were evaluated with 
t-tests using the ttest command in STATA (StataCorp 2019). The STATA command coldiag2 was 
used to check for multicollinearity (StataCorp 2019; Hendrickx 2004; Belsey et al. 1980). The 
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STATA command xttobit was used to estimate the panel Tobit regression model. Estimated 
coefficient significance levels are discussed using P < 0.01, P < 0.05, and P < 0.10. Of the 1,245 
survey respondents, 576 answered all questions included in the model.  
Explanatory Variables Included in the Model and Their Hypothesized Signs 
Dependent and independent variable means, standard deviations, and t-tests results for 
differences in survey statistics between each treatment are presented in Table 6. It was 
hypothesized that producer WTP for bulls in the GE-EPD treatment would be higher than 
producer WTP in the EPD treatment since the accuracy scores were higher in the GE EPD 
treatment. However, the average WTP recorded by producers in the GE-EPD treatment was 
$2,282.34 and the EPD treatment was $2,293.33 and these values were not statistically different 
from each other. It was hypothesized that as producers paid more previously for bulls (Previous 
Bull Purchase Price), that they would pay more for bulls in the survey. This was included as a 
control variable. The average price paid for the last bull purchased (Previous Bull Purchase 
Price) for the GE-EPD treatment was $3.466.67, while the average for the EPD treatment was 
significantly lower at $3,104.86 (P < 0.01).  
The EPDs included in the choice set (CED, WW, DOC, MILK, MW, CW, RE, and $W) 
were all hypothesized to increase WTP as their values increased. They are all hypothesized to 
have a positive impact on WTP, as these were all identified by Tennessee producers and industry 
experts to be important in bull purchasing decisions. Specifically for the docility EPD, mature 
weight EPD, and Dollar W Index EPD, a literature search revealed that producer preferences for 
these EPDs have not yet been estimated.   
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Boyer et al. (2019) found that as the calving ease direct EPD increased, this positively 
impacted bull purchasing price. Similarly, we expect bull WTP to increase as CED EPD 
increases. The weaning weight EPD (WW) is expected to positively impact WTP, as cow-calf 
producers in the Southeast United States are known to market their calves at weaning (Tang et al. 
2017), and a higher weaning weight leads to more profit for producers. We expect maternal milk 
EPD (MILK) to increase bull WTP as its value increases. However, conflicting results show that 
the maternal milk EPD sometimes increases WTP, but some studies have found the opposite 
(Jones et al. 2008; Vestal et al. 2013; Kessler et al. 2017). Boyer et al. (2019) found that the 
maternal milk EPD is a significant determinant in bull prices for bull auction years 2007-2009, 
and suggests that perhaps over time this information has become less valuable to producers. We 
expect carcass weight EPD (CW) and ribeye area EPD (RE) to increase bull WTP as their values 
increase. However,  research has shown that producers rarely place a value on carcass EPDs 
(Vestal et al. 2013).  
Older producers (Age) were hypothesized to be willing to pay less for bulls with GE-
EPDs, as research shows that they are typically resistant to change (Weiss and Maurer 2004). 
The average age of respondents in the GE-EPD treatment was 55.27, while the average age for 
EPD treatment respondents was significantly higher at 55.55 years (P < 0.01). These sample 
averages are slightly below the average age of Tennessee farmers of 59 years (U.S. Department 
of Agriculture, National Agricultural Statistics Service 2017a). Respondents were hypothesized 
to be willing to pay more for bulls with GE-EPDs as their education level (Education) increased. 
Research shows that higher levels of education promote producer willingness to adopt new 
management strategies (Kilpatrick 2000). The average level of education for respondents in the 
GE-EPD treatment was a technical school diploma, while respondents in the EPD treatment on 
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average had earned an Associate’s degree (P < 0.01). Producers with higher levels of income 
(Income) were hypothesized to be willing to pay more for bulls with GE-EPDs. The average total 
household income for both treatments was $50,000 to $99,999 (P < 0.05), which is slightly lower 
than the average U.S. household income for farms, which was $115,588 in 2019 (Schnepf 2019). 
Producers with higher percentages of farm income (Percent Farm Income) were hypothesized to 
be willing to pay more for bulls with GE-EPDs. The average percent of total taxable household 
income estimated to come from farming was 0% to 19.99% for both treatments, and these values 
were not statistically different from each other. In 2019, approximately 18% of total farm 
household income reportedly came from farm production activities (Schnepf 2019). The 
hypothesized effects of the producer’s primary involvement in the beef cattle industry as a 
purebred breeder (Purebred) are hypothesized to increase bull WTP since they are a purebred 
operation who depends on superior genetics. 34% of respondents in the GE-EPD treatment and 
27% of respondents in the EPD treatment reportedly are primarily involved in the beef cattle 
industry as purebred breeders (P < 0.01). The hypothesized effects of the producer’s primary 
involvement in the beef cattle industry as a commercial producer of feeder calves and yearlings 
by natural service (Commercial Natural) are expected to increase bull WTP because they rely on 
superior bull genetics for their herd. 79% of respondents in the GE-EPD treatment and 84% of 
respondents in the EPD treatment reportedly are primarily involved in the beef cattle industry as 
commercial producer of feeder calves and yearlings by natural service (P < 0.01). The 
hypothesized effects of the producer’s primary involvement in the beef cattle industry as a 
commercial producer of feeder calves and yearlings by artificial insemination (Commercial AI) 
are unknown since they would not purchase a bull for artificial insemination. 13% of respondents 
in the GE-EPD treatment and 14% of respondents in the EPD treatment reportedly are primarily 
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involved in the beef cattle industry as commercial producer of feeder calves and yearlings by 
natural service, although these percentages were not statistically different from each other. 
Producers with larger herds (Herd Size) were hypothesized to be willing to pay more for bulls 
with GE-EPDs since they are a larger operation. The average herd size for respondents in the 
GE-EPD treatment was 118, and the average for respondents in the EPD treatment was 108 (P < 
0.05). The average herd size in Tennessee is 48 head (U.S. Department of Agriculture, National 
Agricultural Statistics Service 2017a). Producers using Angus sires in their herds were 
hypothesized to be willing to pay more for GE-EPDs, since they were one of the first breed 
associations to use EPDs. 76% of producers in the GE-EPD treatment and 81% of producers in 
the EPD treatment reported using Angus sires in their herds (P < 0.01).  
Results 
Factors Affecting Producers’ Preferences for Genomic Enhanced EPDs 
Results of the panel Tobit regression model are reported in Table 7. Condition indexes were 
evaluated using the coldiag2 command in STATA and were all less than 23.94 (Hendrickx 2004; 
StataCorp 2019; Belsey et al. 1980). Thus, no evidence that multicollinearity was a statistically 
significant problem was found. 
 All the EPDs included in the choice set significantly and positively impacted WTP, 
which was consistent with the hypothesized results. A one percent increase in the calving ease 
direct EPD (CED) increased WTP by $34.55 (P < 0.01). A one pound increase in the weaning 
weight (WW) EPD increased bull WTP by $12.83 (P < 0.01). A one unit temperament score 
increase in the docility (DOC) EPD increased bull WTP by $14.88 (P < 0.01). A one unit 
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increase in the milk and mothering ability score (MILK) increased WTP by $7.97 (P < 0.01). A 
one pound increase in the mature weight (MW) EPD increased bull WTP by $1.41 (P < 0.05). A 
one pound increase in the carcass weight (CW) EPD increased bull WTP by $3.75 (P < 0.01). A 
0.1 square inch increase in Ribeye area (RE) increased bull WTP by $36.16 (P < 0.01). A one 
unit increase in $W resulted in a $10.02 increase in bull WTP (P < 0.01). The GE-EPD treatment 
was not significant in this model, indicating that producers do not yet place a value on the 
increased accuracy scores associated with GE-EPDs. This rejects the null hypothesis, as it was 
expected that producers would be willing to pay more for bulls with GE-EPDs compared to 
EPDs. As the Previous Bull Purchase Price increased by one dollar, WTP increased by $0.13 (P 
< 0.01). As Percent Farm Income increased, producers bid $166.17 more on the bulls (P < 0.01), 
which was consistent with the hypothesis. Producers whose reported involvement in the beef 
cattle industry as commercial producers via natural service and artificial insemination were 
willing to pay $263.33 (P < 0.1) and $270.07 (P < 0.05) more, respectively. Age, Education, 
Income, Purebred, Herd Size, and Angus did not have a significant impact on producers’ WTP 
for bulls.  
Discussion 
The beef industry is always looking to improve in terms of animal efficiency, sustainability, and 
profitability. One of the best ways to improve animal genetics is through natural breeding, and 
bulls introduce most of the new genetic attributes into herds (Dhuyvetter et al. 1996). While 
previous research shows that producers value EPD information when selecting a bull, little 
research exists regarding producer willingness-to-pay for the most recently available EPD 
technology, genomic enhanced EPDs (Chvosta et al. 2001; Dhuyvetter et al. 1996; Vestal et al. 
2013). This study estimated Tennessee cow-calf producer WTP for bulls with varying EPDs and 
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determined if they place a higher value on GE-EPDs while examining how producer and farm 
demographics influence their WTP for particular bulls. 
 Results indicated that Tennessee beef cattle producers were willing to pay on average 
$2,282.34 for bulls with GE-EPD information; however, this was not statistically different from 
the average WTP value of $2,293.76 for bulls with EPD information. Factors influencing 
producer WTP were the eight EPDs chosen for the choice set (CED, WW, DOC, MW, CW, RE, 
and $W), Previous Bull Purchase Price, Percent Farm Income, commercial producers via natural 
service, and commercial producers via artificial insemination. It was hypothesized that producers 
would pay more for bulls with increased accuracy scores (GE-EPDs); however, we found that 
producers do not place a value on GE-EPDs. It is possible that survey respondents did not value 
GE-EPDs because they were simply given too much information to process at one time.  
 Future research should further examine beef cattle producer preferences for various EPDs 
when making bull purchasing decisions. This study indicates that producers are not willing to 
pay for GE-EPDs, which is consistent with the introduction of EPDs and the reluctance of 
producers to adopt new technologies. The results of this study provide information to researchers 
that will be useful when preparing and providing information to Tennessee beef cattle producers 
regarding the adoption of GE-EPDs and adding value to their cattle, ultimately improving market 
efficiency, cattle sustainability, and producer profitability. Perhaps with more time and 
information, the use of GE-EPDs when purchasing bulls will become more widespread in 
Tennessee.  
CHAPTER 4: CONCLUSION 
The survey of Tennessee and Texas cattle producers provides us with a better understanding of 
how much money producers are spending on horn fly management costs. Tennessee producers 
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spend an average of $9.54 per head, while Texas producers spend an average of $12.35 per head. 
These costs were found to be influenced by producer and farm demographics, producer 
perceptions, and management strategies. These results can be used to assist in the development 
of horn fly economic injury levels and thresholds that are breed and region specific, as well as 
educational programs.  
 Based on the results of the EPD survey, it is possible that Tennessee cattle producers 
need more time and information before they are willing to implement GE-EPD technologies into 
their bull purchasing decisions; however, that is beyond the scope of this research. Additional 
research is needed to examine barriers to GE-EPD technologies and decisions. The average WTP 
for EPDs was $2,293.33, and though not statistically different, the average WTP for GE-EPDs 
was $2,282.34. Panel Tobit regression results indicated that WTP was not significantly impacted 
when producers were bidding on bulls in the GE-EPD treatment, which is the opposite of our 
hypothesis. This is an important research consideration, as this survey could be repeated in five 
to ten years to evaluate how preferences have changed.  
Beef cattle producers control horn flies on their cattle and use EPDs and GE-EPDs to 
select bulls for purchasing with the ultimate goal of improving their operations. Knowing the 
factors that influence producer decision making when implementing horn fly control measures 
and purchasing bulls allows researchers to develop better educational programs, so that 
producers have access to the most up to date processes and technologies. Results from this 
research are beneficial for both researchers and producers, as they facilitate the development of 
strategies to assist in adding value to the beef cattle industry and potentially increase profitability 
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Appendix A: Tables 
Table 1. Names and definitions of dependent and independent variables  
Variable Description 
Dependent Variable  
     HF Management Cost/Head Calculated as estimated total horn fly management costs/herd size 
    Logged HF Management Cost/Head This is the natural log of HF Management Cost/Head 
Producer Demographics  
     College 1 if college degree or higher, 0 otherwise 
     Age Age of the producer 
     Income Level of total household incomea  
     Male 1 if producer is male, 0 otherwise 
Farm Demographics  
     Angus 1 if the producer has Angus-influenced cattle, 0 otherwise 
     Tennessee 1 if the producer was located in Tennessee, 0 otherwise 
     Total Acres Size of farm in acres 
     Spring Calves Percent of calves produced during spring calving season 
Seasonality of Horn Flies  
     Spring 1 if the producer reported flies being abundant during the months of March, April, or May 
     Summer 1 if the producer reported flies being abundant during the months of June, July, or August 
     Fall 1 if the producer reported flies being abundant during the months of September, October, or November 
Horn Fly Perceptions  
     Horn Fly Intensity (backs of 
animals) Level of intensity of fly problem on backs of the animalsb 
     Disease Average severity of outcomes within herd (pinkeye and mastitis)c  
     Horn Fly Perceived Problem Level of intensity of fly problemd  
     Insecticide Treatment Effectiveness Level of effectiveness of horn fly insecticides today compared to 5 years agoe 
     Financial Impact Level of agreement that horn flies impose a significant financial impactf 
     Reduced Weight Gain Level of agreement that potential for reduced weight gain from horn flies introduces financial uncertaintyf 
     Labor is Burdensome Level of agreement that additional labor needed to address horn flies is burdensomef 
     Cow Comfort Level of agreement that horn flies jeopardizes cow comfortf 
     Consumer Concerns 
Level of agreement that consumer concern about pesticides is considered when selecting horn fly management 
optionsf 
Horn Fly Management Practices  
     Use of Insecticides 1 if the producer applies insecticides (e.g., pour-on) to animals to manage horn flies, 0 otherwise 
     Use of Ear Tag 1 if the producer uses ear tags to manage horn flies, 0 otherwise 
     Use of Feedthrough 1 if the producer feeds insecticide to animal to manage horn flies, 0 otherwise 
     Extension 1 if the producer gained information about horn flies from extension services, 0 otherwise 
     Popular Press Articles 1 if the producer gained information about horn flies from popular press articles, 0 otherwise 
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Table 1 . Continued  
Information Treatment 1 if the Information Treatment was seen, 0 otherwise 
a 1= less than $10,000, 2= $10,000 - $29,999, 3= $30,000 - $49,999, 4= $50,000 - $99,999, 5= $100,000 - $149,999, 6= $150,000 - $199,999, 7= $200,000 - 
$249,999, 8= $250,000 - $499,999, 9= $500,000 or greater. 
b 1 = no problem, 2 = minor problem, 3 = moderate problem, 4 = serious problem, 5 = very intense problem.  
c 1= occurs infrequently or mildly, 2= occurs occasionally or moderately, 3= occurs frequently or intensely.  
d 1= low intensity (75), 2= medium intensity (100-150), 3= high intensity (200-300).    
e 1= much less, 2 = somewhat less, 3 = slightly less, 4 = as effective, 5 = slightly more, 6 = somewhat more, 7 = much more. 






Table 2. Dependent and independent variable means (standard deviation) and differences of means for Tennessee 












Dependent Variable      
     HF Management Cost/Head 9.54 (8.83) 12.35 (15.79) -1.82 (*) 159.60 0.071 
     Logged HF Management 
Cost/Head 1.95 (0.77) 1.94 (1.07) 0.09 185.27 0.932 
Producer Demographics      
     College 0.6 (0.49) 0.69 (0.46) -1.78 (*) 255.45 0.076 
     Age 56.51 (11.85) 60.98 (10.78) -3.57 (***) 263.48 0.000 
     Income 4.81 (1.45) 5.81 (1.68) -5.56 (***) 213.52 0.000 
     Male 0.91 (0.28) 0.85 (0.36) 1.71 (*) 197.54 0.089 
Farm Demographics      
     Angus 0.89 (0.32) 0.64 (0.48) 4.97 (***) 176.17 0.000 




(8,157.81) -3.05 (***) 120.39 0.003 
     Spring Calves 53.37 (46.67) 64.47 (73.48) -1.51 171.23 0.133 
Seasonality of Horn Flies      
     Spring 0.31 (0.46) 0.59 (0.49) -5.1 (***) 229.20 0.000 
     Summer 0.98 (0.13) 0.98 (0.16) 0.47 206.92 0.639 
     Fall 0.76 (0.43) 0.93 (0.26) -4.46 (***) 342.64 0.000 
Horn Fly Perceptions      
     Horn Fly Intensity (backs of 
animals) 3.14 (0.66) 3.42 (0.59) -4.09 (***) 268.74 0.000 
     Disease 1.28 (0.38) 1.1 (0.29) 4.93 (***) 302.37 0.000 
     Horn Fly Perceived Problem 1.85 (0.61) 2.02 (0.61) -2.49 (**) 245.83 0.013 
     Insecticide Treatment 
Effectiveness 4.05 (1.56) 4.27 (1.52) -1.32 247.97 0.188 
     Financial Impact 3.24 (0.64) 3.29 (0.66) -0.69 235.64 0.489 
     Reduced Weight Gain 3.26 (0.70) 3.18 (0.67) 1.02 250.25 0.307 
     Labor is Burdensome 3.18 (0.82) 3.17 (0.72) 0.21 270.61 0.835 
     Cow Comfort 3.79 (0.51) 3.84 (0.43) -1.01 281.90 0.316 
     Consumer Concerns 2.91 (0.82) 2.73 (0.97) 1.83 (*) 210.10 0.069 
Horn Fly Management Practices      
     Use of Insecticides 0.89 (0.31) 0.91 (0.29) -0.47 257.40 0.640 
     Use of Ear Tag 0.58 (0.49) 0.34 (0.48) 4.53 (***) 250.88 0.000 
     Use of Feedthrough 0.56 (0.50) 0.56 (0.50) -0.08 242.23 0.935 
     Extension 0.74 (0.44) 0.65 (0.48) 1.77 (*) 224.19 0.079 
     Popular Press Articles 0.54 (0.50) 0.72 (0.45) -3.33 (***) 264.82 0.001 
Information Treatment 0.48 (0.50) 0.53 (0.50) -0.93 242.12 0.352 
*P < 0.1, **P < 0.05, ***P < 0.01. 
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Table 3. Results for OLS and QR Estimation of Horn Fly Management Cost/Head   
  
Quantile Regression: Estimated Conditional 
Quantiles 
 OLS 25% 50% 75% 







Producer Demographics     
     College -21.69 (0.1)** -10.52 (0.12) -21.86 (0.14)* -20.51 (0.15) 
     Age 0.08 (0.00) 0.05 (0.01) 0.26 (0.01) -0.01 (0.01) 
     Income 3.76 (0.03) 5.42 (0.04) 1.79 (0.05) 2.61 (0.05) 
     Male -24.09 (0.15)* -18.28 (0.23) -14.62 (0.23) -31.48 (0.27) 
Farm Demographics     
     Angus -28.8 (0.12)*** -15.52 (0.20) -24.82 (0.18) -31.1 (0.20)* 
     Tennessee 9.39 (0.12) 41.61 (0.22) -6.93 (0.19) -13.69 (0.18) 
     Total Acres 0 (0.00)*** -0.0031 (0.00) -0.0043 (0.00) -0.0014 (0.00) 
     Spring Calves -0.12 (0.00) 0.0024 (0.00) -0.07 (0.00) -0.11 (0.00) 
Seasonality of Horn Flies     
     Spring 15.37 (0.10) 34.67 (0.13)** 15.91 (0.12) 8.65 (0.14) 
     Summer 18.56 (0.33) 11.23 (0.37) 52.35 (0.37) 44.08 (0.41) 
     Fall 24.79 (0.12)* -1.36 (0.15) 28.53 (0.15)* 53.4 (0.16)*** 
Horn Fly Perceptions     
     Horn Fly Intensity (backs of             
animals) 12.24 (0.08) 13.38 (0.11) 11.45 (0.09) 8.03 (0.11) 
     Disease -9.62 (0.13) -24.11 (0.19) -9.22 (0.24) 6.99 (0.21) 
     Horn Fly Perceived Problem -12.43 (0.08)* -2.07 (0.11) -21.94 (0.13)* -18.66 (0.14) 
     Insecticide Treatment 
Effectiveness 4.12 (0.03) 3.97 (0.05) 4.92 (0.05) 3.44 (0.04) 
     Financial Impact 4.08 (0.09) 10.48 (0.14) -1.85 (0.13) -10.36 (0.16) 
     Reduced Weight Gain 6.97 (0.09) -3.22 (0.11) 13.04 (0.11) 22.9 (0.14) 
     Labor is Burdensome 5.99 (0.07) 6.63 (0.1) 5.97 (0.09) -2.27 (0.09) 
     Cow Comfort -15.41 (0.11) -19.02 (0.18) -21.41 (0.16) -10.85 (0.15) 
     Consumer Concerns 3.81 (0.05) 2.05 (0.08) 0.26 (0.08) 2.22 (0.08) 
Horn Fly Management Practices  
     Use of Insecticides 2.23 (0.15) -1.49 (0.22) -7.58 (0.19) -8.94 (0.18) 
     Use of Ear Tag 20.48 (0.09)** 21.44 (0.12) 9.56 (0.13) 17.58 (0.13) 
     Use of Feedthrough 30.06 (0.09)*** 
47.85 
(0.13)*** 23.02 (0.13) 18.5 (0.13) 
     Extension -6.42 (0.10) -2.52 (0.14) -6.07 (0.14) -9.69 (0.15) 
     Popular Press Articles -8.58 (0.10) -5.3 (0.15) 2.22 (0.13) -4.3 (0.16) 
Information Treatment -0.44 (0.09) -8.55 (0.14) 7.88 (0.13) -3.62 (0.15) 
Constant 





Obs.  356    




Table 4. Attribute Levels of Survey Bulls 
EPD Description (units) Levels Average EPD Accuracy GE-EPD Accuracy 
CED 
Calving Ease Direct   




8 0.29 0.44 







59 0.28 0.43 
50 0.28 0.43 
DOC 





20 0.26 0.41 
13 0.26 0.41 
MILK 
Maternal Milk       





27 0.17 0.32 







62 0.27 0.42 







46 0.17 0.32 
35 0.17 0.32 
RE 





0.64 0.21 0.36 
0.45 0.21 0.36 
$W 
Weaned Calf Value   
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Table 5. Names and definitions of dependent and independent variables 
Variable Description 
Dependent variable  
 WTP Stated willingness to pay 
EPDs  
 CED Calving Ease Direct measured in % of unassisted births 
 WW Weaning Weight measured in pounds 
 DOC Docility (temperament score) 
 MILK Milk (milk and mothering ability score) 
 MW Mature Weight measured in pounds 
 CW Carcass Weight (measured in pounds) 
 RE Ribeye Area measured in square inches 
 $W $W index (an index in dollars) 
GE-EPD Treatment 
1 if the respondent was shown a Genomic Enhanced EPD block, 0 
otherwise 
Previous Bull Purchase Price Price respondent paid for the last bull purchased 
Producer and farm demographics  
 Age Age of the producer 
 Education Highest level of the producer's education
a  
 Income Level of total household income
b  
 Percent Farm Income Percent of total taxable household income estimated to come from farming
c 
 Purebred 
1 if the respondent is primarily involved in the beef cattle industry as a 
Purebred Breeder, 0 otherwise 
 Commercial Natural 
1 if the respondent is primarily involved in the beef cattle industry as a 
Commercial Producer of feeder calves and yearlings--by natural service, 0 
otherwise 
 Commercial AI 
1 if the respondent is primarily involved in the beef cattle industry as a 
Commercial Producer of feeder calves and yearlings--by artificial 
insemination, 0 otherwise 
 Herd Size Total number of cattle on farm 
 Angus 1 if the respondent uses Angus sires in their herd, 0 otherwise 
a 1= Less than High School, 2= High School Graduate, 3= Some College or Technical School, 4= Technical 
School Diploma, 5= Associate's Degree, 6= Bachelor's Degree, 7= Master's Degree, 8= Doctorate, 9= Other. 
b 1= less than $10,000, 2= $10,000 - $29,999, 3= $30,000 - $49,999, 4= $50,000 - $99,999, 5= $100,000 - 
$149,999, 6= $150,000 - $199,999, 7= $200,000 - $249,999, 8= $250,000 - $499,999, 9= $500,000 or greater. 
























degrees of freedom P-value 
Dependent variable      




(1,070.60) 0.30 4,703.75 0.764 
EPDs       
     CED 8.95 (3.73) 9.02 (3.76) 0.61 5,177.90 0.543 
     WW 60.88 (9.89) 61.04 (9.96) 0.58 5,177.97 0.559 
     DOC 20.67 (6.55) 20.67 (6.55) 0.00 5,179.75 1.000 
     MILK 27.96 (4.57) 28 (4.54) 0.36 5,180.95 0.717 
     MW 66.74 (24.08) 
66.71 
(24.02) -0.04 5,180.28 0.969 
     CW 48.00 (11.51) 
48.04 
(11.64) 0.15 5,176.68 0.885 
     RE 0.69 (0.22) 0.69 (0.22) 0.59 5,177.94 0.552 
     $W 62.51 (12.37) 
62.71 
(12.46) 0.59 5,177.95 0.556 
GE-EPD Treatment 1 (0) 0 (0) .   . . 




(1,740.53) -6.36 (***) 4,857.22 0.000 
Producer and farm 
demographics       
     Age 55.27 (12.71) 
56.55 
(13.22) 3.56 (***) 5,163.13 0.000 
     Education 4.89 (1.93) 5.07 (1.97) 3.20 (***) 5,173.15 0.001 
     Income 4.84 (1.39) 4.93 (1.36) 2.21 (**) 5,182.00 0.027 
     Percent Farm Income 1.54 (0.91) 1.54 (0.95) 0.05 5,162.04 0.962 
     Purebred 0.34 (0.48) 0.27 (0.45) -5.47 (***) 5,172.75 0.000 
     Commercial Natural 0.79 (0.40) 0.84 (0.36) 4.52 (***) 5,146.73 0.000 
     Commercial AI 0.13 (0.34) 0.14 (0.35) 1.39 5,162.46 0.165 




(124.51) -2.53 (**) 5,118.03 0.012 
     Angus 0.76 (0.43) 0.81 (0.39) 4.49 (***) 5,159.66 0.000 












Table 7. WTP Panel Tobit Regression Results   
Variable Coef. (SE) Marginal Effects (Delta-method SE) 
Dependent variable   
 WTP   
EPDs   
 CED 36.87 (3.85)*** 34.55 (3.6)*** 
 WW 13.69 (1.45)*** 12.83 (1.36)*** 
 DOC 15.88 (2.16)*** 14.88 (2.02)*** 
 MILK 8.51 (3.13)*** 7.97 (2.94)*** 
 MW 1.5 (0.59)** 1.41 (0.55)** 
 CW 4.01 (1.22)*** 3.75 (1.15)*** 
 RE 385.85 (65.71)*** 361.56 (61.55)*** 
 $W 10.69 (1.16)*** 10.02 (1.09)*** 
GE-EPD Treatment -87.42 (85.66) -81.92 (80.25) 
Previous Bull Purchase Price 0.14 (0.02)*** 0.13 (0.02)*** 
Producer and farm demographics  
 Age -1.55 (3.38) -1.45 (3.17) 
 Education 4.1 (22.45) 3.85 (21.04) 
 Income 2.06 (33.13) 1.93 (31.04) 
 Percent Farm Income 177.33 (51.36)*** 166.17 (47.96)*** 
 Purebred -27.21 (147.19) -25.5 (137.92) 
 Commercial Natural 281.02 (166.62)* 263.33 (156.04)* 
 Commercial AI 288.22 (136.23)** 270.07 (127.56)** 
 Herd Size 0.25 (0.35) 0.23 (0.33) 
 Angus -31.93 (105.04) -29.92 (98.43) 
Constant -1618.46 (402.78)***  
Obs. 576   















Appendix B: Figures  
 
Figure 1. Probability Density Function (PDF) of Horn Fly Cost/Head ($) 
 


















































Figure 3. Perception of Fly Prevalence by Month (Tennessee) 






















































Perception of Fly Prevalence by Month 
(Combined TN/TX)
Figure 6. Histogram of Tennessee Cattle Producers' WTP ($) 
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Appendix C: Surveys 
 




Default Question Block 
Flies and Cattle Production 
 
Thank you for participating in this survey about flies and cattle production. 
 
The survey is conducted by University of Tennessee Institute of Agriculture 
researchers and will take about 15 minutes to complete. Your participation is 
voluntary, and information you share will be confidential. 
 
If you have questions about the survey, please contact Susan Schexnayder at 
schexnayder@utk.edu or (865) 974-5495. If you have questions about your 
rights as a survey participant, contact the UT Institutional Review Board Staff at 
utkirb@utk.edu or (865) 974-7697. 
 
To start, click the orange button, below-right. 










   BACKGROUND 







In which segment of the beef cattle industry are you primarily involved? 
 Purebred Breeder 
 Commercial Producer of feeder calves and yearlings - by natural service 
 Commercial Producer of feeder calves and yearlings - by artificial insemination  
 Stocker or Background Operations 
 Cattle Finisher 
 None of the above (if you select this, you will be exited from the survey) 
 
 










 Other  
 
 
In what county is your operation primarily located? 
 
 
At the end of July 2017, how many bulls, cows, and calves were in your herd? 

















   PRESENCE OF FLIES 
Please evaluate the intensity of the fly problem at peak fly season on 
each of these body parts of your cattle. 
(Consider any flies and assume the pictures represent a steer or cow, depending 
on your operation type.) 
 






















































 Don’t know 
 













Swishing tails     
Licking backs or twitching 
flanks 
    
Stomping     
Kicking at bellies     
Bunching of the herd     
Reduced grazing time     
Failed to achieve anticipated 
weight gains 
    
Pink eye     
Mastitis     






The pictures below represent various intensities of horn flies. At what intensity do 
























   Block 1 
   HORN FLY RESISTANCE 
 
Throughout this survey, we define "horn fly resistant animal" as an animal with 
few to minimal flies present, noticeable, or feeding on the animal. It also means 
that animal traits you select for would be unaffected by the addition of the horn fly 
resistance trait, so that the horn fly-resistant cattle and your current cattle are the 
same weight and have IDENTICAL muscling, gains, health, and other traits. 
 
   ABOUT HORN FLIES AND CATTLE 
Horn flies are a pest of cattle, inflict painful bites to draw 20-30 blood meals 
per day, and have the following effects: 
- Animals' defensive behaviors when horn flies are present interrupt adequate 
rest and food consumption 
- Calves protected from horn flies have weaning weights 10-50 
pounds more than unprotected calves with 200 or more flies 
- Stockers and replacement heifers protected from horn flies have weights 
16-18% above unprotected animals 
- Horn flies can transmit bacteria that cause mastitis. 
 
   HORN FLY RESISTANCE 
Throughout this survey, we define "horn fly resistant animal" as an animal 
with few to minimal flies present, noticeable, or feeding on the animal. It also 
means that animal traits you select for would be unaffected by the addition of 
the horn fly resistance trait, so that the horn fly-resistant cattle and your current 




   CURRENT MANAGEMENT & TREATMENT FOR HORN FLY 
What methods do you use to manage horn fly populations and predation on your 
cattle herds? Please indicate your usage of each method. 
 





Use it to 
prevent 
outbreak 










Applying insecticides (ex. pour-
on) to animal 
     
Applying organic insecticide 
(ex. pour-on) to animal 
     
Applying ear tags to animals      
Feeding an insecticide bolus to 
animal 
     
Feeding insecticide to animal 
(feed through) 
     
Manipulating manure      
Composting manure aerobically      
Use of beneficial insects or 
parasites 
     
Mechanical control (ex. 
walkthrough fly trap) 
     
Other 
  
     
Other 
 
     
Other 
 
     
 
 
Please estimate your total spending in 2016 for all horn fly management, control, 








How would you assess the effectiveness of horn fly insecticides today 

















compared to five 
years ago 
       
 
Indicate the degree to which you agree with each statement about the impact of 











Horn flies impose 
significant financial 
impact on my 
operation. 
     
Potential for reduced 
weight gain and 
uncertain quality 
impacts from horn 
flies introduce 
financial uncertainty 
in my operation. 
     
Additional labor 
needed to address 
horn flies is 
burdensome. 




     
Consumer concern 
about pesticides is a 
consideration of mine 
when I select 
management options 
for horn flies. 






   INFORMATION SOURCES 
How have you learned about flies and management options? (Check all that 
apply) 
 Extension services (ex. website, trainings, agent, and publications) 
 Producer groups (ex. Texas and Southwestern Cattle Raisers Assoc.) 
 Popular press articles (ex. Drovers Beef Magazine, Cattle Today) 
 Industry representative (salesperson) 
 Other farmers 




   FARM AND FARMER DEMOGRAPHICS 
 






 Crossbred; please describe breeds 
 Other; please describe breeds 
 
How many acres did you farm in 2016? (include leased land) 
 Pasture  
 Hay 
 Cropland 
 Total acreage farmed 
 
In what year were you born? 
 





What is your highest level of education? 
 Less than high school 
 High school graduate 
 Some college or technical school/associate’s degree 
 College degree or higher 
 
Which category best reflects your total household income (from both farm and 
non-farm sources) for 2016? Remember, all information is held strictly 
confidential. 
 Less than $10,000     
 $10,000 - $29,999     
 $30,000 - $49,999     
 $50,000 - $99,999     
 $100,000 - $149,999     
 $150,000 - $199,999     
 $200,000 - $249,999     
 $250,000 - $499,999 
 $500,000 or greater 
 
 
Powered by Qualtrics 
 
70  




Default Question Block 
 
Before You Begin... 
We are University of Tennessee researchers conducting a survey to examine 
Tennessee beef cattle farmer preferences for expected progeny differences 
(EPDs), genomic enhanced (GE) EPDs and physical bull characteristics as well 
as genomic tests for feeder cattle. You are part of a group of beef cattle farmers 
from across the state being invited to assist us by completing a short survey. The 
survey results will be valuable to producers who are interested in EPDs, GE 
EPDS, physical characteristics of bulls, and considering adoption of genomic 
tests for feeder cattle. As an industry participant, your views are important to 
the study. 
 
Your participation in this study is voluntary; you may decline to participate without 
penalty. If you decide to participate, you may withdraw from the study at any time 
without penalty. If you withdraw from the study before data collection is 
completed your data will be destroyed. 
 
Clicking the accept button at the bottom of this screen constitutes your consent to 
participate. There are no foreseeable risks other than those encountered in 
everyday life from participation in this study. 
 
You can be assured we will take measures to protect the confidentiality of your 
responses. Data will be stored securely and will be made available only to 
persons conducting the study. No reference will be made in oral or written reports 
which could link participants to the study. Your name or other identifying 
information will not be linked with your responses. University of Tennessee 
research protocols prohibit the release of your name or personal information to 
any other agency or individual. The list of those invited to participate in the study 
will be destroyed after responses are collected. Finally, only summary results 
from the survey will be publicly reported. Only researchers involved in the study 




Please do not hesitate to contact us if you have any questions or concerns. 
Thank you for taking time out of your busy schedule to help us! The survey 
takes about 15 minutes to complete. If you have questions at any time about the 
study or the procedures, you may contact the researchers listed below. If you 
have questions about your rights as a participant, you may contact the University 
of Tennessee IRB Compliance Officer at utkirb@utk.edu or (865) 974-7697. 
 
Research Team 
Dr. Karen DeLong, kdelong39@utk.edu  
Dr. Andrew Griffith, agriff14@utk.edu  
Dr. Chris Boyer, cboyer3@utk.edu 
Dr. Kim Jensen, kjensen@utk.edu 
Dr. Charley Martinez, cmart113@utk.edu  
Katy Smith, katvsmit@vols.utk.edu 
 
Department of Agricultural & Resource Economics The University of 
Tennessee 
Phone: (865) 974-7231 
 
 Accept: I consent to continue with the survey  
 Reject: I do not consent to continue with the survey 
 
Background 
Are you 18 years old or older? 
 1. Yes 
 2. No 
Did you raise cattle in 2019? 
 1. Yes 
 2. No 
 
Are you a primary decision maker for the beef cattle operation? 
 1. Yes 
 2. No (If not, please forward this link to the person who is a primary decision maker 




Is your farm located in Tennessee? 
 Yes 
 If no, where? 
 
 






In which segment of the beef cattle industry are you Primarily involved in (check all that 
apply)? 
 
 1. Purebred Breeder 
 2. Commercial Producer of feeder calves and yearlings -- by natural service 
 3. Commercial Producer of feeder calves and yearlings -- by artificial insemination 
 4. Stocker or Background operations 
 5. Market Feeder Cattle 
 6. Cattle finisher 

















We would like to ask you about your willingness to pay for bulls with differing 
EPD’s. In the next series of questions, you will be asked to choose from 9 bulls 
with differing EPD’s. This will help us better understand your preferences, as a 
cattle producer, for these traits in bulls. 
 
Directions: Imagine you are at a bull auction, and you are only going to 
purchase one of the nine bulls which are available for sale. At the bottom of 
each bull’s information is a place for you to list your maximum bid for each bull. 
This is the most you would be willing to pay for the bull. You will be able to look 






























Non GE Block 1 
What Can EPDs Tell Us? 
Expected Progeny Differences (EPD): EPDs provide estimates of the genetic 
value of an animal as a parent. EPDs are calculated for birth, growth, maternal, 
and carcass traits and are reported in the same unit of measurement as the trait. 
EPD values may be directly compared only between animals of the same breed. 
 
Accuracy: the reliability that can be placed on the EPD. A higher value for 
accuracy means there is an improved accuracy of the EPD. Accuracy can range 
in value from 0 to 1. 
Accuracy is impacted by the number of progeny and ancestral records included 
in the analysis. 
 
EPDs That Will Appear on the Bid Sheet: 
Calving Ease Direct EPD (CED): is expressed as a difference in percentage of 
unassisted births, with a higher value indicating greater calving ease in first-calf 
heifers. It predicts the average difference in ease with which a sire’s calves will 
be born when he is bred to first-calf heifers. 
 
Weaning Weight EPD (WW): expressed in pounds, is a predictor of a sire’s 
ability to transmit weaning growth to his progeny compared to that of other 
sires. 
 
Docility EPD (DOC): is expressed as a difference in yearling cattle 
temperament, with a higher value indicating more favorable docility. It predicts 
the average difference of progeny from a sire in comparison with another sire’s 
calves. In herds where temperament problems are not an issue, this expected 
difference would not be realized. 
 
Maternal Milk EPD (MILK): is a predictor of a sire's genetic merit for milk and 
mothering ability as expressed in his daughters compared to daughters of other 
sires. In other words, it is that part of a calf's weaning weight attributed to milk 
and mothering ability. 
 
Mature Weight EPD (MW): expressed in pounds, is a predictor of the difference 




Carcass Weight EPD (CW): expressed in pounds, is a predictor of the 
differences in hot carcass weight of a sire’s progeny compared to progeny of 
other sires. 
 
Ribeye Area EPD (RE): expressed in square inches, is a predictor of the 
difference in ribeye area of a sire's progeny compared to progeny of other sires. 
 
Weaned Calf Value ($W): An index, expressed in dollars per head, to predict 
profitability differences in progeny due to genetics from birth to weaning. Included 
traits are birth weight, weaning weight, milk, and mature cow weight. 
 
The highlighted EPDs (described above) will vary among the bulls you are 




Example of bull choice set. Producers bid on nine bulls each and there were three 
different blocks.  
 























GE Block 1 
What Can EPDs Tell Us? 
Expected Progeny Differences (EPD): EPDs provide estimates of the genetic 
value of an animal as a parent. EPDs are calculated for birth, growth, maternal, 
and carcass traits and are reported in the same unit of measurement as the 
trait. EPD values may be directly compared only between animals of the same 
breed. 
 
Accuracy: the reliability that can be placed on the EPD. A higher value for 
accuracy means there is an improved accuracy of the EPD. Accuracy can 
range in value from 0 to 1. 
Accuracy is impacted by the number of progeny and ancestral records included 
in the analysis. 
 
Genomic Enhanced Expected Progeny Differences (GE-EPD): GE-EPDs 
are considered to be the best estimate of an animal’s genetic worth as a parent. 
These values make use of known pedigree, performance, and genomic 
information about an animal, its progeny (offspring), and other relatives. 
 
Adding a genomic test to GE-EPDs: 
• Enhances predictability of current selection tools  
• Increases EPD accuracy on young animals 
• Characterizes genetics for traits where it's difficult to measure the animal’s 
own performance (e.g., carcass traits in breeding stock or maternal traits in 
bulls) 
• Allows EPDs to be calculated for animals that may have had blank boxes 
previously (e.g., single animal contemporary groups, or those without an 









EPDs That Will Appear on the Bid Sheet: 
 
Calving Ease Direct EPD (CED): is expressed as a difference in percentage of 
unassisted births, with a higher value indicating greater calving ease in first-calf 
heifers. It predicts the average difference in ease with which a sire’s calves will 
be born when he is bred to first-calf heifers. 
 
Weaning Weight EPD (WW): expressed in pounds, is a predictor of a sire’s 
ability to transmit weaning growth to his progeny compared to that of other 
sires. 
 
Docility EPD (DOC): is expressed as a difference in yearling cattle 
temperament, with a higher value indicating more favorable docility. It predicts 
the average difference of progeny from a sire in comparison with another sire’s 
calves. In herds where temperament problems are not an issue, this expected 
difference would not be realized. 
 
Maternal Milk EPD (MILK): is a predictor of a sire's genetic merit for milk and 
mothering ability as expressed in his daughters compared to daughters of other 
sires. In other words, it is that part of a calf's weaning weight attributed to milk 
and mothering ability. 
 
Mature Weight EPD (MW): expressed in pounds, is a predictor of the difference 
in mature weight of the daughters of a sired compared to the daughters of other 
sires.  
 
Carcass Weight EPD (CW): expressed in pounds, is a predictor of the 
differences in hot carcass weight of a sire’s progeny compared to progeny of 
other sires. 
 
Ribeye Area EPD (RE): expressed in square inches, is a predictor of the 
difference in ribeye area of a sire's progeny compared to progeny of other sires. 
 
Weaned Calf Value ($W): An index, expressed in dollars per head, to predict 
profitability differences in progeny due to genetics from birth to weaning. Included 
traits are birth weight, weaning weight, milk, and mature cow weight. 
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The highlighted EPDs (described above) will vary among the bulls you are 
to bid on, while all others are assumed to be at the averages provided in 





































Example of the GE-EPD Treatment choice set. Producers bid on nine bulls each and there 
were three blocks. 


























How many head of the following types of cattle were in your care on January 1, 
2020? 
 Brood Cows 
 Beef Replacement Heifers  
 Unweaned Calves 
 Home-raised Weaned Calves (preconditioned<90 days, backgrounders >=90 days)  
 
 Bulls (herd sires)  
 Purchased Stockers/Backgrounders Dairy Cows 
 Dairy Replacement Heifers  
 Other 
 Please describe other 
What sire breeds are used in your herd? (Select all that apply) 
 Black Angus    
 Hereford 
 Simmental  
 Charolais 
 Crossbred, please describe breeds    
 Other, please describe breeds 
How many acres did you farm in 2019? 
 Pasture  
 Hay 
 Harvested Cropland  
 Woodland Grazed  
 Woodland Not Grazed  
 Other 
















What is your highest level of education? 
 
 Less than High School    
 High School Graduate 
 Some College or Technical School    
 Technical School Diploma 
 Associate's Degree    
 Bachelor's Degree    
 Master's Degree    
 Doctorate 
 Other 












Which category best reflects your total taxable household income (from both farm 
and non- farm sources) for 2019? Remember, all financial and other information 
is held strictly confidential. 
 Less than $10,000    
 $10,000 to $29,999    
 $30,000-$49,999  
 $50,000-$99,999  
 $100,000-$149,999  
 $150,000-$199,999  
 $200,000-$249,999  
 $250,000-$499,999 
 $500,000 or greater  
 Prefer not to disclose 
 
What percent of your total taxable household income (both farm and non-farm 
sources) for 2019 do you estimate came from farming? 
 
 0% to 19.99% 
 20% to 39.99% 
 40% to 59.99% 
 60% to 79.99% 
 80% to 100.00% 















Katy Smith was born April 4, 1997, in Livingston, Tennessee. After graduating from Livingston 
Academy in 2015, she began studying agricultural business at the University of Tennessee at 
Martin in the fall. She received her Bachelor of Science degree in December 2018, graduating 
Summa Cum Laude. She began working as a Graduate Research and Teaching Assistant in the 
Department of Agricultural and Resource Economics at the University of Tennessee, Knoxville 
during the fall of 2019. She is expected to graduate with a Master of Science degree in 
Agricultural and Resource Economics and a minor in Entomology in May 2021 and is planning 
to pursue a PhD in Entomology and Plant Pathology at the University of Tennessee, Knoxville.  
